Background: Healthy ageing and health promotion (HP) actions for older people have become an important health sector priority. At the same time, the application of economic evaluation methods in the field of health interventions in order to support allocative decision processes is of growing importance. The aims of the review were to analyze what the existing evidence is on cost-effectiveness of HP and/or primary prevention (PP) programmes for older people whilst providing deeper insight into methodological aspects of such studies, their overall quality and issues related to practical implementation of results. Methods: Systematic review of contemporary evidence . Studies' eligibility criteria included target population 65 years old or older; interventions classified as HP or PP; a full economic evaluation conducted. The search strategy included five electronic databases and Internet websites of institutions or projects related to the topic. Quality assessment of the studies was based on the 'Drummond checklist'. Results: After screening 6450 records, 29 papers were included, the vast majority of which (22) focus on fall prevention strategies. In this area, there are examples of good and moderate quality studies which confirm the cost-effectiveness of diverse physical activity interventions in fall prevention. The existing studies are characterized by huge differences in the methods applied as well as overall quality which limits the comparability and generalizability of the results. Conclusions: There is a need for development and implementation of economically driven studies, with methods adjusted to particular character of HP and/or PP strategies for older population.
Introduction
P opulation ageing is a global trend. Increased longevity, while being a great achievement, is also a formidable challenge for both public and private healthcare budgets. The World Health Organization (WHO) encourages governments and societies to apply a life-course approach to healthy and active ageing. Some of its basic elements are promoting good health and healthy behaviour among older people as well as creating physical and social environments that foster their health and participation in society. 1 Healthy ageing and health promotion (HP) actions for older people have become a priority for both national and European Union policies. [2] [3] [4] Against this background, due to scarce resources, the application of economic evaluation methods to assess the cost-effectiveness of diverse health interventions and thus support allocative decisionmaking processes has become an inherent feature of health systems in numerous countries. 5, 6 In the case of HP for older people, however, the application of economic evaluation techniques encounters numerous methodological problems. These problems derive from three dimensions: (i) controversies related to the economic evaluation methods themselves; (ii) the distinctive design of HP programmes and (iii) special features of older people as a target group. A detailed analysis and description of these methodological challenges has been provided by Huter et al. 7 Very few systematic reviews that deal with the issue of the costeffectiveness of HP and/or primary prevention (PP) programmes for an older population can be identified. They focus on: specified interventions (e.g. fall prevention 8, 9 ); evaluation type (e.g. run alongside RCT 8 ); narrowly defined populations (e.g. UKs' population above 75 years old 10 ); or can be part of a report aimed at clinical effectiveness [10] [11] [12] . In the current review, we analyze the existing evidence on costeffectiveness of HP and PP interventions for older people from a broader perspective-both in terms of the scope of interventions and the target population as well as the methods applied. The objectives were to provide a general overview of what types of programmes are subjected to economic evaluation, what methods are applied, and what the results are in terms of the cost-effectiveness of specific interventions. The review provides deeper insight into the methodological aspects of such studies, their overall quality and the issues related to the practical implementation of their results.
Methods
The studies' eligibility criteria
The studies' eligibility criteria included (i) target population-65 years old or older, (ii) interventions classified as HP or PP and (iii) a full economic evaluation conducted. The studies included were those available in English, Polish or German. Publication years range from 2000 to 2015.
In terms of the participants, if the intervention was focused on the general population-the study was included only if the outcomes were presented separately for any group of the population 65+. The interventions of interest were HP programmes whose scope was consistent with the WHO definition of HP 13 and/or one of the types of HP interventions specified by McKenzie et al.
14 PP programmes were defined as those focused on precluding the initial occurrence of disease by risk reduction. 15 An important exclusion, however, was related to vaccination programmes. This exclusion was based on the assumption that the economic evaluation of vaccination programmes is conducted according to a methodological approach similar to that of clinical interventions. 16 Furthermore, this topic itself constitutes a separate, extensive area for research, with numerous practical examples. 17 The application of the above intervention's eligibility criteria also resulted in the exclusion of studies involving secondary (e.g. screening) as well as tertiary prevention programmes (e.g. rehabilitation). Regarding the type of economic evaluation, only studies presenting a full evaluation were included. Partial economic evaluations (focusing only on costs or effects) as well as cost-minimization analyses were excluded. A calculation of the efficiency ratio was not a necessary condition for inclusion (cost-consequence analyses were also taken into account).
Search methods and studies identification
The search strategy included five electronic databases and the internet websites of 23 institutions or projects related to the topic. In the advanced phase of the studies' identification process, the reference lists of relevant papers were also screened.
The databases searched included (i) MEDLINE via PubMed, (ii) EMBASE, (iii) The Cochrane Library, (iv) National Health Service Economic Evaluation Database and (v) Health Technology Assessment Database both via the Centre for Review and Dissemination. Search terms included numerous synonyms related to the 'population' of older people, HP or PP 'intervention' and economic evaluation as a 'type of study.' Table S1 in the Supplementary material presents the complete list of search terms on the example of MEDLINE database search results. The database searches were conducted on 20 July 2015 whilst internet websites of relevant institutions and projects were screened in the period of August-September 2015.
Data collection and analysis
An assessment of the eligibility of the studies was done by two researchers (authors of this review) independently. The EndNote reference manager was used to remove duplicates. Titles and abstracts were assessed in detail to remove clearly irrelevant reports. The full text articles were obtained and examined to ensure the compliance of the studies with the predetermined eligibility criteria. The extraction of data from the eligible studies was conducted by the same two researchers independently. In case of any disagreements between the researchers, the consensus was reached by seeking the opinion of the third one.
The quality assessment of the included studies was carried out based on the 'Drummond checklist for assessing economic evaluations'. 18 Its choice as a quality assessment tool was based on its broad applicability in the critical appraisal of economic evaluation studies. 8, 19, 20 It can be applied to all common types of economic evaluation (both trial-based and modelling studies) and has a relatively simple structure. It consists of a list of 10 questions. The range of answers for each question is: YES, NO, UNCLEAR and NOT APPLICABLE (N/A). The outcome of the quality assessment is presented in the form of a list of answers to each question; the higher the number of positive answers, the higher the quality of the study. The studies were also classified into three quality groups: good, moderate and poor according to the summary quality assessment. The scoring system applied was based on the summary number of answers 'YES' and 'N/A': 9-10 (good quality), 6-8 (moderate quality), up to 5 (poor quality). The application of these classification rules means that the answer 'UNCLEAR' was scored as a negative answer, the same as 'NO'. Though the quality of the study might in fact be high or low (the answer 'UNCLEAR' can in practice mean both 'YES' and 'NO'), a poor presentation of the study results led automatically to negative judgements.
The quality assessment was carried out by three authors of this review (each study by two of them). In the case of disparities in assessment between the two assessors, the consensus was reached by seeking the opinion of the remaining authors.
Economic evaluation rates conversion
In order to compare the economic evaluation rates between the studies, their values were converted into single currency-the International dollar, measured by purchasing power parity (PPP) for the year 2014. The Gross Domestic Product (GDP) deflators approach was applied. The sources of data included: World Bank 21 and OECD National Accounts Data. 22 
Results

Search results
The results of the systematic search are presented in a PRISMA Flow Diagram (figure 1). The search in five databases identified 8638 relevant citations. An additional 28 studies were found on the institutions' and projects' websites. After removing 2216 duplicates (the majority of which-1533-were repeated in MEDLINE and EMBASE databases), 6450 records were screened. Based on titles and abstracts, 117 full text papers were obtained for further analysis from which 90 studies were excluded for not meeting the eligibility criteria. As a consequence of full-text analysis, 27 papers were assessed as meeting the eligibility criteria. Screening their reference lists resulted in the inclusion of an additional two papers. Therefore, 29 papers were subjected to the quality assessment process and the quantitative outcomes description. Table S2 in the Supplementary material provides the list of included papers with full reference data.
Type of interventions subjected to economic evaluation
The vast majority of the included studies (22 out of 29) present an economic evaluation of fall prevention strategies among the older population. The remaining seven studies focus on problems of general disability (three studies) or general health status (two studies), the lack of physical activity (one study) or oral health (one study). Table 1 presents the studies general characteristics, while table S3 in the Supplementary material provides more detailed information regarding types of interventions being subject to economic evaluation, the choice of comparator, the addressed population and data collection methods. Sixteen studies provide economic evaluation of single interventions (e.g. different forms of physical activity), six studies deal with multifactorial interventions (e.g. physical exercise with educational activities and environmental changes or home visits with referral to specialists), while the remaining seven present a comparison of different interventions. However, in the case of the last group, the interventions included are compared not to each other, but to the 'lack of intervention' option. In general, only in two out of 29 studies, is the comparator chosen for the economic evaluation process an alternative HP or PP intervention. 44, 49 According to the review's studies inclusion criteria, the population of the studies includes only those 65 years old and above or the outcomes had to be presented separately for this age group. Some studies focus on more narrowly defined age groupse.g. women above 80, 52, 65 seniors above 70 with a high risk of falling 56 or healthy seniors above 75. 66 The vast majority of studies include populations of older people living in a community (community or home-dwelling seniors). The majority of studies (19 out of 29) include primary data collection-data were collected at the population level, alongside clinical trials (mainly randomized controlled trials-RCT). In the case of the remaining 10 studies, secondary data sources are used as well as different forms of modelling.
Economic evaluation methods used
Regarding the economic evaluation methods used, only five studies adopted an evaluation type other than cost-effectiveness analysis (CEA) or cost-utility analysis (CUA): three of them are costbenefit analysis (CBA) and two are CCA (table 1) . In 15 studies, the perspective of the payer/health care provider is used and in 12, the societal perspective, whilst in the case of two studies, the authors do not clearly state the perspective of analysis. Regarding the time horizon-in 15 studies, it is up to 1 year, while in only five studies is the lifetime horizon used.
The dominant cost measures used are the costs of intervention (all studies) and costs of medical care avoided (24 studies, but including 3 CBA studies where they are presented as an outcome measure). Informal care is included as part of the medical or social costs in only five out of the 12 studies that claim to be conducted from a societal perspective. 41, 53, 57, 58, 67 Productivity costs are also mostly not included-only four studies consider them partially, mostly by including the value of participants' time as part of the intervention costs. 41, 55, 57, 58 In only one study, costs connected with additional care in the gained years of life are taken into consideration, 66 The authors use different approaches to classify the costs. Under the same name of costs position-e.g. 'cost of health care avoided', different elements can be included, depending on the study. An important related problem is the distinction between the costs proven to be connected with a specific event averted (e.g. fall) vs. the average costs of care. In many studies, the average cost of care is used without indicating the limitations related to the cost measurement precision.
The outcome measures used in the studies are adjusted to the types of analysis. In 11 studies determined as CUA, quality adjusted life years (QALYs) are used. In the case of CEA analyses, the number of negative incidents prevented is a natural indicator. Since most studies concern falls, the number of falls or number of fallers prevented are the most commonly used measure (15 studies). Other indicators connected with avoidance are health service utilization (e.g. hospital admission) prevented and the number of femoral/hip fracture incidents prevented or time free of these fractures. Indicators more directly connected to the health status of participants are seldom used. These include: changes in SF-36 physical functioning score, active life-years gained, daily functioning changes, mortality changes, and major mobility disability prevented. In one study only, outcomes connected with social network and psychological status are considered. 55 In the case of the vast majority of the studies, the authors describe some limitations of the conducted analysis. Full text arƟcles excluded: 90, due to
• lack of separate outcomes for populaƟon 65+ (56) • populaƟon below 65 (9) • no full economic evaluaƟon (12) • intervenƟon excluded (9) • only conference abstract available (3)
• study before year 2000 (1) InsƟtuƟon/project websites: 28 often mentioned limitations include uncertainty regarding the variables used (17 studies), a short time horizon (seven studies), problems with the sample (five studies) or the generalizability and comparability of the results (seven studies). None of the authors clearly indicate methodological problems resulting from the specific character of HP for the older population as a subject of economic analysis. These involve i.a. issues related to adequate outcomes measures that cover specific preferences of older people, as for example social benefits, the appropriate measurement and valuation of informal caregiving, as well as lost productivity.
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Quality of the studies
The quality of the included studies is diverse. Only 4 out of 29 included studies received the maximum number of positive answers to the quality assessment questions, while four studies did not exceed the 50% threshold of the number of positive answers. Table S5 in the Supplementary material presents the results of the studies quality assessment. As a consequence of the applied scoring system, 11 studies meet the criteria for 'good quality,' 14 are assessed as of 'moderate quality' and four as of 'poor quality'. In most cases, the problems related to the quality of the studies result from imprecise or a lack of information on particular elements of the economic evaluation process. No question gets positive answers for all studies. A significant challenge in terms of quality assurance seems to be related to the inclusion of all important and relevant costs and consequences. Only in relation to 12 studies is the answer positive. In 10 cases, not all important and relevant costs and consequences for each alternative are identified, while in seven studies, the answer to this question remains unclear. In general, the information provided is not precise or the range of costs and consequences included is not in line with the perspective provided; e.g. when the healthcare payer perspective is adopted and the future averted healthcare costs are not even mentioned 47, 49 or likewise, for the societal perspective and indirect costs. 60, [63] [64] [65] 67 However, it needs to be emphasised that in cases where some costs and/or effects are excluded but the justification is provided (either in the study methods section or as a part of its limitation description)-the assessment is positive. In general, the main problems with the quality of the studies result in numerous answers of 'UNCLEAR' (this answer is more frequent than the answer 'NO'). For example in studies by Church et al. 43 and Ling et al., 61 the answer to half of the Drummond's checklist questions is 'UNCLEAR'.
Cost-effectiveness of specific interventions
The analysis of the studies outcomes in terms of the cost-effectiveness of specific interventions should take into consideration the studies quality assessment. In general, the studies can be divided into five groups depending on the final conclusions regarding the cost-effectiveness of the interventions being evaluated (table 2) . There seems to be no correspondence between the studies' quality and the types of findings. Both good and poor quality studies may indicate similar conclusions. Numerous good and moderate quality studies indicate the economic efficiency of diverse versions of exercise/physical activity programmes in fall prevention. What is important is that the same intervention might be assessed as costeffective or not, depending on the way and scope in which it is delivered and/or the economic evaluation methods chosen (e.g. the study perspective, time horizon, population inclusion criteria, range of costs included). An example might be the outcomes of studies evaluating Tai Chi for fall prevention by Wilson and Datta 68 and Haas 50 . Due to huge differences in the methods applied as well as the overall quality of the studies, the comparability of their results is very limited. Nevertheless, an attempt is made to draw a general comparison in order to present the overall range of the studies' outcomes in terms of economic evaluation rates' values. Due to figure 2 , the most frequently used ratio is presented-cost per prevented fall (fall in general or fall resulting in moderate or serious injury). In all perspectives reported the range of its values estimated in the studies is extremely wide. The lowest value of the cost per fall prevented (161 $PPP) was estimated by Robertson et al. 63 for homebased exercise intervention, whilst the highest (122 516 $PPP) was assessed by Jenkyn et al. 57 for an individually customized multifactorial risk factor modification programme. The highest value is over 21 times higher than the previous value in the ranking list. When taking into consideration the analyses' perspective-both the lowest and the two highest values come from studies that took a societal perspective. In the group of ratios concerning falls in general, 50% have a value lower than 2000 $PPP (these include studies with both societal and payer perspectives as well as those where the perspective is unclear). Surprisingly, the ratios obtained for the falls resulting in moderate and serious injuries do not differ clearly from those for falls in general.
In the case of other popular ratios, the range of values is also very wide. For costs per prevented hospital admission-the lowest value (3898 $PPP) was estimated by Church et al. 42 for Tai Chi, while the highest (97 459 $PPP) was assessed by the same author for multiple interventions based on the Stepping On programme. 42 For costs per QALY, the values estimated in different studies range from 1296 $PPP 66 to 129 628 $PPP 42 (Table S6 in the Supplementary material). In the case of costs per QALY ratios, however, clear differences are visible depending on the perspective applied. Studies that applied the societal perspective ascribe lower values for the ratios (below 20 000 $PPP) than those with a payer/provider perspective (above 20 000 $PPP).
Discussion
Summary of evidence
Fall prevention and general mobility issues are the main topics of the studies presenting economic evaluation of HP and PP actions for older people. Regarding the type of health determinants, the studies focus mainly on physical activity, health literacy and some environmental aspects (home hazard).
The relatively large number of studies addressing the costs-effectiveness of fall prevention strategies results from growing evidence on the clinical effectiveness of such interventions and the significant economic burden of falls on health systems. Research indicates that one in three people over 65, and half of those over 80, fall at least once a year. Older adults who fall once are two to three times as likely to fall again within a year. 23 Numerous studies focus on assessment of the costs of falls among the older population in different countries. [24] [25] [26] The pressure to provide cost-effective strategies aimed at the prevention of falls is thus very strong. According to the WHO, falls are one of the greatest causes of disability among older people. 27 However, in the same group of health problems, experts list also diabetes, depressive disorders, Table 2 The studies by main finding type dementia, back and neck pain, osteoarthritis, sensory impairments and chronic obstructive pulmonary disease. 27 There seems to be a significant gap in the availability of full economic evaluation studies focused especially on PP of mental health problems among the population 65+ , while the evidence on the major economic burden of such problems is growing. [28] [29] [30] In general, when comparing the types of HP and PP interventions for older people that until now have been subject to economic evaluation with those for whom clinical effectiveness has been evaluated 31 -a significant lack/underrepresentation of economic evaluation studies becomes apparent.
The analysis of the existing evidence on the economic evaluation of HP and PP actions addressing older population groups shows huge differences in the methods applied as well as the overall quality of the studies. The evaluations are performed based on different assumptions (e.g. regarding the analysis perspective, costs inclusion or outcome presentation). In addition, the authors rarely take into consideration the special character of the HP and PP actions for older people as a subject of economic evaluation.
The majority of studies use a CEA and/or CUA approach. In only two studies, 47, 59 did the authors use cost-consequences' analysis, which is sometimes especially recommended for economic evaluation of HP interventions. 16, 32 In the CCA approach, costs and outcomes are presented separately and the latter can be presented as a list of effects measured in different units. It may be especially useful in the case of HP interventions, where the range of effects may be broad and multidisciplinary. 33 In the two studies 47, 59 included in the review the CCA approach was used to present several natural parameters of closely related (health) outcomes. The recommended perspective for HP evaluations is societal, 34, 35 yet this perspective is used in only 41% of the included studies. The majority of the studies use the perspective of the payer/health care provider. The reason for that may be methodological difficulties in the application of a societal approach that includes all related costs and effects, also those beyond the health sector. Yet, this is especially important in the case of HP and PP programmes for older people, where aspects of both formal and informal long-term care, the social sector and community involvement are of crucial importance. In general, the use of perspective in the included studies is sometimes inconsistent-there are cases where the authors claim to use the societal perspective but do not even mention productivity costs 60, [63] [64] [65] 67 or the same situation with payer perspective and a lack of averted future health care costs notification. 47, 59 More than a half of the included studies use a time horizon up to 1 year. Again such a short time horizon is not recommended for HP analyses, as many effects can only be seen in the long run. 36 Consequently, these analyses cannot take into consideration many important effects which may appear later. Despite this, the authors relatively rarely indicate a short-time horizon as a limitation of their work. This could be a result of clinical standards used very often in economic analyses in health care. Even in studies focused on fall prevention, where the effect in the form of the number of falls prevented can be seen in a relatively short time, a longer horizon would make it possible to capture the actual changes in participants' health status, quality of life and/or social functioning. In studies by Salkeld et al. 67 and Illife et al., 55 the effect of reduction in number of falls was observed but with no actual change in health status. Thus, in these types of studies, reduction of falls per se should not be perceived as the intervention's main goal and used as a single effect measure. In general, a longer time horizon can rather be observed for research analysing utility (CUA or joined CUA and CEA) than for simple CEA, but nevertheless, there are four studies with a utility approach with a time horizon of one year at the most, 41, 44, 46, 53 The main problem related to the quality of the studies is poor reporting and/or presentation. Despite existing standards for presenting the outcomes of economic evaluation (e.g. the Drummond checklist, 37 CHEERS statement 38 ) published papers often do not provide all pivotal information. If allocative decisions are to be based on economic evaluations of HP and PP actions addressing older people, then the quality of those studies has to be improved. In general, differences in methods applied and the overall quality of the studies severely limit the comparability and generalizability of results. The ranges of the economic evaluation rate values in the included studies are extremely wide. Authors use different classification and reporting systems regarding costs-even though the same name for some costs position is used (e.g. costs of intervention or costs of avoided care) it may consist of different elements depending on the study. Also, the HP and PP interventions under evaluation can be delivered in numerous ways. Seemingly similar interventions (e.g. Tai Chi) can be performed in various degrees of intensity and settings. As a consequence, the outcomes of a particular study should always be analysed in relation to its specific settings and methodological context.
Strengths and limitations
The basic strength of our study is the review's broad perspective in terms of the intervention type (inclusion of a wide range of activities from the field of HP and PP addressed towards the population aged 65 or older). The objective of the elaborated search strategy was to allow for the identification of diverse studies, thus showing the complex picture of the available economic evidence. The conducted analysis provided important insights into the studies' overall quality and methodological problems.
There are also several limitations to be noted regarding the review. Despite application of a broad search strategy in terms of type of intervention, limits were applied regarding years of publication (2000-15) and languages (English, Polish or German). The justification for the former is the review's focus on current evidence. Methods for economic evaluation are constantly being developed and adjusted to new areas of application. 39 The review was, therefore, focused on the empirical examples of the current methodological solutions. The language limitation (constituting significant language bias) was applied due to the feasibility requirements of the work conducted.
Comparison with other studies
Few systematic reviews can be identified which deal with the issue of economic evaluation of HP or PP programmes aimed at older people. Davis et al. conducted a systematic review of studies reporting an economic evaluation of a fall prevention intervention for older adults living in a community, which was part of a RCT or a controlled trial. 8 Tappenden et al. developed a health technology assessment (HTA) report aimed at assessing 'the clinical effectiveness and cost-effectiveness of nurse-led health promotion intervention delivered at home for older people at risk of admission to hospital, residential or nursing care in the United Kingdom'. 10 Balzer et al. 11 developed a HTA report focused on supporting German decisionmakers in promoting effective and efficient fall prevention strategies. Windle et al. aimed at examining the clinical and cost-effectiveness of exercise and physical activity interventions on the mental wellbeing of people aged 65 years and older (for the economic part, only one study met the inclusion criteria). 12 In general, the number of identified systematic reviews on economic evaluation of HP and/or PP strategies addressed towards older population is scarce. Among those identified, fall prevention strategies are the most popular topic. None of the identified reviews provided meta-analyses of outcomes-due to the heterogeneity of the studies included, only descriptive analyses were performed. The authors of the identified reviews emphasise the general problem of the limited availability of high-quality economic evidence.
The general conclusions reached by the authors of the identified reviews are consistent with those coming from the present workthe studies that exist are based on different methodological assumptions and reporting systems and thus the comparability of outcomes is limited. The cost effectiveness of HP and/or PP strategies is context specific, which also limits the transferability of outcomes.
The outcomes of a particular study should always be analyzed in relation to its specific settings and methodological context. As a consequence, the policy makers trying to use the available evidence to support allocative decisions should pay particular attention to the issue of its generalizability. Due to demographic changes and cost-containment pressures in health systems, promotion of healthy aging is of crucial importance. In order to gather the cost-effectiveness data for allocative decision processes, there is a strong need for development and implementation of economically driven studies, with methods adjusted to the particular character of diverse HP and/or PP strategies addressed towards an older population.
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